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Electrochemical Preparation of a Novel Elec-
troactive / Conductive Polymer Based on β β-
Naphthylamine in Aqueous Acid Media
E
lectrooxidation of β-naphthylamine (β-NA ) in different aqueous acid media was
investigated. The formation of a film adhered to the electrode surface was
observed as a principal product and for which a polymer structure through C-N
coupling is proposed. A standard three-electrode electrochemical cell was used for
voltammetric experiments. In this system, glassy carbon rod, platinum wire, and KCl/ sat-
urated Ag/AgCl were used, respectively as the working, counter and the reference elec-
trodes. From the analysis of the voltammetric and spectroscopic experiments some
aspects of the mechanism of electrooxidation of β-NA leading to the formation of the film
was proposed. The effects of various physical and electrochemical parameters such as
the type of supporting electrolyte, temperature of the cell, pH, concentration of the
monomer, scan rate and the number of scan cycles were studied. The electrochemical
behaviour of the film was reported as a function of these parameters. A quasi-reversible
behaviour was observed from cyclic voltammograms obtained in different acid solutions.
The film behaved as a thin-layer cell when it was obtained at low scan rates and dilute
solutions of the monomer.   
Iranian Polymer Journal, 1 11 1   (6), 2002, 387-401
Saeed M. Baghahi*1, Ali Akbar Miran Beigi*2, Akbar Bagheri1, and Mohammad Teymouri2
(1) Department of Chemistry, Faculty of Science, Shahid Beheshti University, Tehran, I.R. Iran
(2) Standard Laboratory, Research Institute of Petroleum Industry, Rey, P.O.Box: 18745-4163,
Tehran, I.R. Iran
Received 18 November 2001; accepted 30 July 2002
conductive polymer;
β-naphthylamine;
electrochemical behaviour;
electropolymerization;
aqueous cyclic voltammetry. 
ABSTRACT
Key Words:
Due to the importance of mono-
nuclear aromatic amines, such as
aniline and their derivatives in
organic electrosynthesis, chemical,
analytical and biomedical redox sys-
tems, these compounds have been
studied intensively for many years
[1-5]. However, unfortunately these
types of studies on polynuclear aro-
matic amines are scarce  In the pre-
vious investigations, the electro-
chemical oxidation of ArNH2 has
been reported in different aqueous
and non-aqueous solvents and under (*)To whom correspondence should be addressed
E-mail: miranbeigiaa@ripi.ir
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various experimental conditions [6-10]. The mecha-
nism of polymerization has been proposed and the elec-
trochemical properties of the film formed on graphite
electrodes have been explained. The mechanism pro-
posed for the electropolymerization involves an E
(CE)n [11] mechanism in solution which is initiated by
the electrooxidation of the monomer to the correspon-
ding cation radical. The process is followed in solution
by polymerization and the deposition of the polymer
onto the base electrode surface. 
Entezami et al. [12] described the synthesis of a
thin electroactive conductive poly(α-naphthylamine)
film in perchloric acid media over different electrodes
such as Pt, Au,Gc (glassy carbon). The electrochemical
behaviour of the polymer during chain growth and after
formation was also characterized by cyclic voltamme-
try. Some aspects of electropolymerization of (α-naph-
thylamine (α-NA) have been published in eutectic mix-
ture, NH4F/2.3 HF over Au electrodes [13], and in
actonitrile-pyridine media over graphite electrodes
[14]. Previous studies of this amine in acetonitrile [15]
and dimethylsulphoxide [16] demonstrated existence of
a short-lived cation radical, which forms dimers in
about 30% yield. In these investigations, the possible
mechanisms of the oxidation of the monomer were ana-
lyzed. In addition, the principal products obtained
through the monocation radical ArNH 2
+ produced in
the charge transfer steps were soluble dimers. The
structures of these dimers depended on the experimen-
tal conditions. Thus, in solvents such as acetonitrile or
methylene chloride [17] C-C and C-N dimers were
obtained. In contrast, in a more basic solvent, such as
DMSO, the C-N and N-N ones were produced [18].
Preparation of chemically modified electrodes
based on naphthylamine and its derivatives have previ-
ously been reported by Huang et al. [19]. Huq and Far-
rington [20] pointed out that a polymer film containing
oxygen or nitrogen atoms would form complexes with
transition metal ions. Other workers [21,22] experi-
mentally confirmed this matter. In a basic medium, it
was found that polynaphthylamine film treated with a
solution containing transition metal ions can electrocat-
alyze the oxidation of ascorbic acid; under these condi-
tions the catalytic current was linearly proportional to
the ascorbic acid concentration between 5*10
-7and
1*10
-4 M. The film of poly (α-NA) on the platinum
electrode was formed by electrochemical polymeriza-
tion of α-NA monomers in acetonitrile solution of
1*10-2M α-NA, 0.25M sodium perchlorate and 0.25M
in hydrochloric acid. After potential sweeps cycled
twenty times in the range 1.0 to -1.0 V νs SCE with a
scan rate of 80 mVs-1, a uniform purple-blue polymer
coating was obtained on the platinum electrode surface. 
A survey on literature for information related to
electropolymerization and electrochemical behaviour
of homocyclic and heterocyclic compounds with differ-
ent functional groups, although some studies had been
carried out [23-27], unfortunately no report was found
on polymerization of β-naphthylamine (β-NA) by
chemical or especially electrochemical procedures.
Since the first reports on the availability of polyaro-
matic amines as films, a strong interest has been main-
tained on the use of these materials as electrodes in
technological applications [27]. Films with thickness
less than 1µ are normally used because the electroac-
tive performance is maximized. These films can be
switched between the neutral, non-conducting state and
the oxidized, conducting state. The materials are also
electrochromic and the redox reaction is accompanied
by colour change from blue to green-black. The reac-
tion is often chemically reversible and can be driven
repeatedly without loss of electroactivity, especially in
well-contained cells in the absence of oxygen and
impurities and with the proper choice of solvent and
electrolyte salt. In contrast, thicker films are poorly
electroactive but are conductive and can be handled as
free-standing films. 
In this paper we describe electrochemical prepara-
tion of a novel electroactive/conductive polymer based
on β-NA in several aqueous acid media. The present
procedure offers several inherent advantages for the
polymeric film such as good electrical conductivity,
uniformity, and powerful adherence of the polymeric
layer to the surface of the electrode. Cyclic voltammet-
ric studies allow the inference of a mechanism for the
formation of this film. These studies and the spectro-
scopic data suggest that the structure of poly(β-NA)
develops through C-N couplings. In the course of the
experiments, the effects of various physical and elec-
trochemical parameters such as the type of supporting
electrolyte, temperature of the cell, pH, concentration
of the monomer, scan rate, and the number of the scan
cycles are studied. Under the optimal conditions, the
film formed on the Gc electrode behaves as a thin-layer
cell. Also a quasi-reversible behaviour is observed for
the cyclic voltammograms obtained in various elec-Electrochemical Preparation of a Novel Electroactive / Baghahi S.M. et al.
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trolyte solutions.
EXPERIMENTAL
Reagents and Apparatus
Commercially available β-NA and sodium perchlorate
(Merck, Darmstadt, Germany) was purified three times
by ordinary recrystallization from water. The solutions
of β-NA used for the preparation of the film, were pre-
pared by weighing the β-NA and dissolving it in previ-
ously deoxygenated supporting electrolyte solution by
bubbling nitrogen through it. This procedure avoids air
oxidation of β-NAwhich could introduce contaminants
into the film.
Caution
β-Naphthylamine is a very toxic and dangerous aro-
matic compound [28,29]. It has been recognized as a
human carcinogen [30,31] and can cause bladder can-
cer on prolonged exposure [32,33]. Thus β-NA is no
longer commercially produced or used in most coun-
tries. An important derivative of β-NA is the rubber
antioxidant, N-phenyl-2-NA(PBNA) which is able to
be metabolized in human body to produce β-NA. Nec-
essary recommendations for working with β-NA have
been published by NIOSH [34]. 
Since electrocatalyzed O2 reduction is observed at
the negative potential limit, special care must be taken
in deoxygenation of the test solutions by bubbling puri-
fied nitrogen through it. The water used in the aqueous
solutions was prepared from water first purified by dis-
tillation over KMnO4 in alkaline medium and then
twice-distilled. All other chemicals were of reagent
grade and used without further purification. In most
cases, the electrochemical experiments were performed
in 1M HClO4 (as supporting electrolyte) containing
5*10-3M of the monomer (β-NA) at 25 C unless other-
wise indicated. In the experiments where the solution
pH was needed to adjustment, the appropriate buffer
solutions containing 0.5M sodium perchlorate were
used.
In the study of the effect of supporting electrolyte
solution on the electrochemical behaviour of the film,
different acids (HClO4, H3PO4, HCl and H2SO4) were
used, under otherwise constant experimental condi-
tions. A double wall three-electrode cell, which could
be thermostated at different temperatures, was used for
the voltammetric studies. A glassy carbon rod (o.d.
6mm) press-fitted in a Teflon tube was used as work-
ing electrode. The glassy carbon electrode was polished
with emery paper (20 µm). A commercial potassium
chloride saturated (3 M) Ag/AgCl electrode and a plat-
inum electrode was always used, respectively, as the
reference electrode and the counter electrode. All the
electrochemical experiments were carried out by an EG
& G Princeton Applied Research (PAR) (Princeton, NI,
USA) Model 174A microprocessor potentiostat
equipped with a feedback circuit to compensate the ir
drop. The output signals were recorded by an X-Y
recorder Model 9002A. A double beam UV-VIS spec-
trophotometer Perkin-Elmer Model SE550 and a Fouri-
er-transform IR spectrophotometer Brucker Model
IFS88 were used to identify the films formed on the
surface of the electrode.  
Procedure
The test solutions introduced into the double-wall cell
contained 5X10-3 M of the monomer (β-NA) in 25 mL
and 1M of the supporting electrolyte. The cell was
thermostated at 25 _ +0.1 C and a 280 mLmin-1 flow rate
of nitrogen gas was set up to the electrochemical cell,
for 5 min. Scan range used in the formation of the film
was -0.20 to 0.82 V and a scan rate of  20 mVs-1 was
applied during five cycles. After the electropolymeriza-
tion process, the working electrode was taken out of the
solution and was rinsed several times with twice-dis-
tilled water. In order to study the electrochemical
behaviour of the polymeric film, the electrode was
immersed in a freshly prepared reference solution (sup-
porting electrolyte solution). Then cyclic voltammo-
grams of poly(β-NA) were recorded in such solutions
at scan rates of 20, 50, 100 and 200 mVs-1.
RESULTS AND DISCUSSION
The yield and the quality of the films vary greatly with
the monomer and the reaction conditions. In the sec-
tions that follow, the influence of the various reaction
parameters are discussed in terms of the quality and
conductivity of the resulting film. The quality of a thick
film is measured by the mechanical properties and con-
ductivity. A good film can be removed intact from the
electrode and is not fragile or powdery, while a good
thin film produces a well-formed cyclic voltammo-
gram.
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Figure 1a. Typical cyclic voltammograms of β-NA in 1M
HClO4 solution: first cycle; scan rate, 20 mVs-1; T= 25 C;
monomer concentration, 5*10-3 M; scan range, -0.20 to
0.82 V. 
Figure 1b. Typical cyclic voltammograms of β-NA in 1M
HClO4 solution: second cycles; other conditions are similar to
Figure 1a.The main considerations in the choice of the electrolyte
salts are the solubility, degree of dissociation and the
nucleophilicity. In aprotic solvents, most of the work
has been performed with tetraalkylammonium salts and
protic acids. Lithium, sodium and potassium salts are
poor choices because they are highly aggregated and
poorly soluble in aprotic solvents. Highly nucleophilic
anions, such as halides, hydroxide, alkoxide, cyanide,
acetate and benzoate, interfere with the desired reaction
and increase the production of colourful soluble prod-
ucts. The concentration of the electrolyte can also be
important as it will be discussed in the next sections. In
aqueous media, polyaromatic amine films prepared
with low salt concentrations are often brittle and pow-
dery, and have lower conductivities, while good quali-
ty films can be prepared with high salt concentrations. 
Films prepared in aqueous solvent have intermedi-
ate conductivities and good mechanical properties
when the solutions contain mineral acid (i.e., HCl and
H3PO4) which has a non-nucleophilic anion and it is
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Figure 1c. Typical cyclic voltammograms of β-NA in 1M
HClO4 solution: five cycles are shown simultaneously; other
conditions are similar to Figure 1a.
Figure 1d. Typical cyclic voltammogram of poly (β-NA) in 1M
HClO4 as supporting electrolyte obtained on Gc electrode by
using various scan rates; without the presence of the
monomer; T= 25 C; scan range, -0.20 to 0.82 V.392
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dissociated.
The type of the supporting electrolyte can play an
important role in electropolymerization, electrical con-
ductivity and electrochemical behaviour of the poly-
meric film. Thus, the use of inorganic acids with high
solubility, high dissociation and low nucleophilic
strength, (such as H3PO4, HCl, H2SO4 and HClO4) was
attempted. With the first anodic sweep in perchloric
acid medium, an irreversible anodic peak (peak I) at
about 0.70 V appeared, which was due to oxidation of
the monomer. On the other hand, in the correspon-
ding reversed sweep a cathodic peak (peak II) at about
0.43V νs. Ag/AgCl reference electrode, related to the
reduction of the polymer was observed (Figure 1a). As
shown in Figure 1b, in the second sweep, a new anodic
peak (peak III) at nearly 0.55 V related to the oxidation
of the polymeric film with removing peak I appeared.
The use of further scan cycles (until fifth sweep) caused
a gradual increase in heights of the peaks II and III.
This increase effect for peak II was observed faster than
peak III. Also the related peak potentials for anodic and
cathodic sweeps (Figure 1c) shifted, respectively to more
positive and negative potentials. Figure 1d shows the
polymeric film deposited on the glassy carbon electrode
in the reference solution at different scan rates. The
anodic and cathodic peaks appeared, respectively, at
nearly 0.59 and 0.39 V. As shown in Figure 2, there was
a linear relationship between peak currents and scan
rates in different supporting electrolytes such as
HClO4, HCl and H3PO4,. Comparison of the slopes of
the graphs shows that perchloric acid solution was ide-
ally suited for the studies on the electrochemical behav-
iour of poly (β-NA). Therefore, the electrical conduc-
tivity of the film in HClO4 (with a slope of 1.26 µA
(mVs-1)-1) was several times greater than those of the
other media. At sweep rates lower than 250 mVs-1, the
film behaves as a thin-layer cell in equilibrium and thus
obeys the Nernsts law. For an n-electron redox reac-
tion involving reversible charge transfer, Nernsts equa-
tions for an anodic process can be written as:
where, ai and γi are, respectively, the activity and activ-
ity coefficient of the species and E  is the standard
potential of the redox reaction. To a first approxima-
tion, the activity and activity coefficients may be con-
sidered independent from the concentration and equal
to unity. With this assumption, the relationship between
ip and ν is given by ref. [35]:
where, Q = nFCAd is either the anodic or cathodic
charge corresponding to the cyclic voltammograms
obtained at ν < 250 mVs-1 in order to ensure the com-
pletion of the redox process in the film. Aand d are the
film area and thickness, respectively. Moreover, C is
the concentration of the electroactive substance in the
film (i.e., C = Cox+ Cred) while the other terms have
their usual meaning [36] as appear in the equations of
Randles-Sev ik [37,38] in its equivalent, the Nicholson
and Shain equation [39].
1
ox ox red red ox red ] RT / ) E E ( nF [ . Exp C C / /
− − = γ γ = α α
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Figure 2. The plot of anodic peak current vs. scan rate for the
poly(β-NA) film, deposited on Gc electrode; T= 25°C; scan
range, -0.20 to 0.82 V; monomer concentration, 5x10-3 M; dur-
ing five cycles; supporting electrolyte, 1M HCl (slope= 0.22
µA(mVs-1)-1) 1M  H3PO4 (slope= 0.27 µA(mVs-1)-1)   1M HClO4
(slope= 1.26 µA(mVs-1)-1). 
Figure 3. The plot of anodic peak current vs. scan rate for the
poly(β-NA) film in 1M HClO4, deposited on Gc electrode;
T= 25 C; scan range, -0.20 to 0.82 V; monomer concentra-
tion in polymer synthesis step, 5*10-3 M; during five cycles.(a)Prepared in 1M HCIO4 at 25
oC; (b)Scanned in the range between -0.2 to 0.82 V; (c)related to the polymer and obtained in 1M HCIO4 as the reference solution
( without presence of β-NA).  
Concentration of   β-NAa (M) Scan rateb (mVs-1) Anodic peak currentc (µA) Slope (µA(mVs-1)-1)
2.5x10-4
20 3.69
0.370
50 9.08
100 17.85
200 34.9
5x10-4
20 8.11
0.389
50 20.64
100 41.34
200 78.40
7.5x10-4
20 15.62
0.794
50 39.80
100 79.01
200 158.77
1x10-3
20 23.53
1.083
50 58.12
100 109.46
200 219.29
2.5x10-3
20 28.44
1.387
50 70.73
100 140.05
200 278.39
5x10-3
20 34.31
1.646
50 86.61
100 168.54
200 331.65
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In the case of phosphoric and hydrochloric acid
solutions, growth rate of the polymeric chain is slow
and, therefore, the film thickness obtained in such elec-
trolytes is remarkably less than that of perchloric acid.
It is the reason for low nucleophilicity of ClO4
- in com-
parison with PO4
-3 and Cl-. Because of slight solubility
of ammonium sulphate salts formed in sulphuric acid
electrolyte (even to 2M H2SO4), it was not favourable
for continuing study of the electrochemical behaviour
of poly(β-NA) in this medium.    
Study of the Scan Rate Effect
Table 1. Obtained results from the measurements of the anodic peak vs. scan rate in different monomer concentrations.394
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To study the influence of scan rate on the chain growth
of poly(β-NA), the Gc electrode and perchloric acid
solution as reference electrolyte were used. Preparation
of the poly(β-NA) film was individually performed at
the scan rates of 20, 50, 100 and 200 mVs-1 under the
same conditions (5*10-3M of the monomer and HClO4
electrolyte) during five cycles. After polymerization,
the electrode was immersed in the reference electrolyte
and the given scan rates were cycled in each experi-
ments. The plot of ipa νs. scan rate shows that the max-
imum current arisen from the high conductivity of the
polymeric film is obtained at in the sweeping rate 200
mVs-1 (Figure 3). At the high scan rates greater than
200 mVs-1, the required time for multistep electropoly-
merization process is not appropriate, and this prevents
the active species to adopt suitable configuration for
chain growth of the polymer. As the result, a disordered
polymeric structure is formed on the electrode surface.
Thus the optimal scan rate in polymer generation step
was 20 mVs-1.  
Study of the Monomer Concentration Effect
It was predicted that the concentration of the monomer
influences the quality of the film and electropolymer-
ization process. Because at low concentrations of the
β-NA (i.e., ≤ 1*10-4M) , it is possible to form contact
between cation radicals formed in the electrode surface
and non-monomeric species in the bulk. This phenom-
enon is probably responsible for the poor electrical
conductivity and unfavorable growth of the polymer.
Initial high concentrations of monomer favour higher
rates of polymerization; however, due to low solubility
of the monomer in water or acidic solutions, choice of
high monomer concentrations is impossible. This effect
was observed to be more noticeable at higher tempera-
tures. At low concentrations, this effect is negligible,
allowing the normal cation radical dimerization of the
monomer to be seen.
Study of cyclic voltammograms of poly(β-NA) in
different concentrations and various scan rates show
that the cathodic and anodic peaks (specific for poly-
mer) without any significant shift, appeared, respec-
tively at 0.39 and 0.59 V. Also, it behaves similar to
thin-layer cell in the used ranges, prepared in HClO4
supporting electrolyte. As the result, peak currents are
linearly proportional to the scan rates especially for
more dilute solutions. Results of the studies are sum-
marized in Table 1.
Study of the Temperature Effect
In general, the temperature of the preparation affects
the conductivity of the resulting polymer, the electro-
chemical properties, and the morphology of the poly-
meric film. Most often, polymers with higher conduc-
tivities are produced at low temperatures. In aromatic
amines, temperature is a critical parameter. Usually,
temperature and the rate of polymerization are inverse-
ly proportional to a certain value of temperature but
overmuch increases cause decrease in the film growth,
in the conductivity, and in the electroactivity. This
effect may be due to a change in the oxidation mecha-
nism. A comparison between cyclic voltammograms of
poly(β-NA) prepared at 0, 15, 25, 35, 40 and 45 C is
useful. This comparison shows that the electrical con-
ductivity of poly(β-NA) film prepared at lower temper-
atures is small and at higher temperatures both the con-
ductivity and the electroactivity increase.
When the effect of temperature on the peak current
of poly(β-NA) is analyzed, sharp increases in both ipa
and ipc are observed at 35 C. Ideal behaviour (eqn. 2)
predicts the opposite effect. A similar behaviour is
reported for the polymerization of poly (o-aminophe-
nol) in aqueous acid solutions [5]. The best quality of
the films is also achieved at 35 C. Spectral analysis of
the films suggests that the film prepared at this temper-
ature has a more regular structure. On the other hand,
with higher temperatures > 35 C), both cathodic and
anodic peak heights decrease, as shown in Table 2. Also
at very low temperatures, the quality of the films is
poor and, a little growth and widening in peaks are
observed. Apparently the slow kinetics of the electron
transfer in the dimerization process is responsible for
this phenomena.    
Spectroscopic Characterization of Poly(β β-NA)
The UV-Vis spectra were taken for both monomer and
polymer by a single-detector double beam in-time
spectrophotometer (as prescribed in experimental).
Ethanol was used as a reference solvent in preparation
of spectrums. Figure 4a shows the absorption bands of
β-NA dissolved in ethanol at about 200, 230, 280 and
340 nm. By comparison between  Figure 4a and the
UV-vis spectrum of the corresponding polymer (Figure
4b), a bathochromic effect at the maximum wave-
lengths of poly(β-NA) appeared. This was due to the
increasing  π-bonding system in the polymer film.
Besides, broadening in peaks is noticeable. Formation
of a navy blue colour in the electrode surface and shift-
ing in λmax are the reasons for increasing conjugatedIranian Polymer Journal / Volume 11 Number 6 (2002) 395
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bonds in the polymer chain. The film is very stable
since it does not lose its response even after several
days of exposure to air or after repetitive cycling on
supporting electrolyte solution at sweep rates between
20 and 200 mVs-1. In order to prepare the IR spectrum,
the film is first dissolved in acetone and then a uniform
layer of the polymer is placed on KBr tablet through a
capillary tube.
The FTIR spectra of the polymer film formed on
the electrode during the anodic oxidation of β-NA is
Experimental temperaturea(
oC) Scan rateb (mVs-1) Anodic peak currentc (µA) Slope (µA(mVs-1)-1)
0
20 25.43
1.071
50 64.96
100 129.17
200 219.88
15
20 37.24
1.882
50 94.49
100 188.35
200 376.34
25
20 50.93
2.626
50 129.92
100 260.47
200 523.86
35
20 63.65
2.641
50 159.45
100 319.69
200 542.44
40
20 40.032
2.357
50 120.08
100 238.66
200 467.24
45
20 42.06
2.103
50 106.30
100 212.04
200 420.87
Table 2. Obtained results from the measurements of the anodic peak vs. scan rate in different cell temperatures.
(a)Prepared by to thermostat a double-wall electrochemical cell; (b)scanned in the range between -0.2 to 0.82 V; (c)related to the polymer and obtained in 0.5M
HCIO4 +1M NaCIO4 solution ( without presence of β-NA). 396
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shown in Figure 4c. The absorption peaks of the poly-
mer film at 1520, 1500, 2924 and 629-816 cm-1, which
are almost in accordance with those of the monomer,
are characteristic of the various vibration modes of the
C-H and C-C bonds of the aromatic nuclei [40]. The
strong absorption peak at 1091 cm-1 observed in the
spectra of the poly(β-NA) film is assigned to the pres-
ence of ClO4
- ions [4] which were used as an electrolyt-
ic anion during the film formation. The peaks at 3649,
3418 and 3217 cm-1 correspond to the stretching of the
N-H bonds, and those at 1616 and 1318 cm-1 corre-
spond to the stretching of the C=N bonds and of the C-
N bonds on the secondary aromatic amines, respective-
ly [40]. From the comparison of the absorption peaks of
the C-H, C-C and C=C (at 1390 cm-1) related to the
polymer with those in the corresponding monomer, it
seems that these bonds in monomer remain unattacked
during electrolysis. From these spectrophotometric
results and the mechanism [41,42] proposed for the
electrochemical oxidation of aniline and various mono-
substituted aromatic amines, the electrochemical poly-
merization of β-NAseems to proceed via the formation
of the C-N=C and the C-NH-C bonds (Figure 4d).
Study of the pH and Perchlorate Anion Effects
In the present investigations, we studied the voltam-
metric response of a film of poly(β-NA) at different
pHs in HClO4+NaClO4 solutions with variable concen-
trations. All measurements were performed at ν < 200
mVs-1 to ensure thin-layer behaviour. The ionic
strengths of the solutions were fixed with NaClO4
(being optimal at 0.5M). As predicted, the poly (β-NA)
response was highly dependent on the pH. The studies
on cyclic voltammograms of the polymer in pH buffers
6 and 8 containing 0.5M NaClO4 showed that in nearly
neutral and basic pHs, cathodic response disappeared
completely, while similar response occurred at 0.70 V
for the anodic peak with a scan rate of 20 mVs-1. In fur-
ther cycles and also at pH > 8, no particular response
was observed. This indicates that protons and electrons
take part in the electrode reaction of poly (β-NA).
Although no response from the film was observed at
pH > 8, the film was not destroyed and recovered its
original response when the pH restored to less than 2. 
Study of pH effect on solubility of the monomer in
aqueous solutions put limitations on studying the elec-
trochemical behaviour, electroactivity and electropoly-
merization of the polymer film. This is because when
pH increase to more than 2, the aqueous phase is satu-
rated by β-NAand its concentration of which reaches to
less than 5*10-3 M. 
In order to improve electroconductivity and fast
growth of the polymer chain, the influence of perchlo-
rate anion was evaluated at a fixed pH (rather<2). It
Figure 4a. Adsorption spectroscopic characterization of the
monomer(β-NA) film: UV-vis spectrum of β-NA obtained in
ethanol solution. 
Figure 4b. Adsorption spectroscopic characterization poly(β-
NA) film: UV-vis spectrum of poly(β-NA) obtained in ethanol
solution.
Figure 4c. Adsorption spectroscopic characterization of the
poly(β-NA) film: Fourier-transform IR spectrum of poly(β-NA). Electrochemical Preparation of a Novel Electroactive / Baghahi S.M. et al.
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Figure 4d. The mechanism proposed for the electropolymerization of β-naphthylamine on the Gc electrode.398
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Figure 5a. Typical cyclic voltammograms (c.v.) of β-NA
obtained in the optimal conditions: c.v. of β-NA; scan rate, 20
mVs-1; T= 35 C; monomer concentration, 5*10-3M; scan
range, -0.20 to 0.82 V; during five cycles; supporting elec-
trolyte; 0.5 M HClO4+1M NaClO4. 
Figure 5b. Typical cyclic voltammograms (c.v.) of β-NA
obtained in the optimal conditions: c.v. of poly (β-NA) in dif-
ferent scan range, -0.20 to 0.82 V; during five cycles; sup-
porting electrolyte; 0.5M HClO4+1M NaClO4; T= 35 C with-
out the presence of the monomer.was observed that with increasing concentrations of
ClO4
- , the peak potentials shifted to more negative
potentials. This was probably due to increased viscosi-
ty of the solutions. On the other hand, when the con-
centration increased, both the cathodic and anodic peak
heights gradually increased and the currents reached to
the maximum amount in 1M NaClO4. Figures 5a and
5b show cyclic voltammograms of β-NA(5*10-3M) and
poly(β-NA) in 0.5M HClO4+1M NaClO4 electrolyte at
35 C, respectively. Here, the electrochemical behav-
iour of the monomer is studied at 20 mVs-1 during five
cycles while in the case of the polymer, the scan rates
of 20, 50, 100 and 200 mVs-1 are used in absence of the
monomer. There is a linear relationship between peak
currents and scan rates for such an electrolyte. Besides,
by the comparison of these voltammograms with those
voltammograms obtained in several different elec-
trolyte solutions, it is found that perchlorate anion (as a
dopant ion) significantly causes an increase in the peak
currents. As a result, higher conductivities and better
quality from the polymer film are observed in 0.5M
HClO4 + 1M NaClO4 electrolyte solution. In this paper,
optimization of all parameters, which have hitherto
described, provides an appropriate procedure for elec-
trochemical synthesis of the electroactive/conductive
poly (β-NA). The collection of these parameters is
summarized in Table 3.
CONCLUSION
Electrochemical preparation of β-NA as a novel
monomer was investigated and the results obtained in
these  studies showed that films with the best adhesion
and electroactive properties were produced in aqueous
solutions containing different inorganic acids.
The accurate choice of the electrolyte salt, pH,
dopant anion, concentration of the monomer, scan rate
and temperature of the cell can play an important role
in electropolymerization, electrical conductivity and
electrochemical behaviour of the polymeric film.
Therefore, in the course of studies, all above-men-
tioned parameters were optimized to modify the prop-
erties of the resulting film and favorable growth of the
polymer chain. 
Under the optimal conditions, the film formed on
the Gc electrode behaved as a thin-layer cell. Also a
quasi-reversible behaviour was observed for the cyclic
voltammograms obtained in various electrolyte solu-
tions. Furthermore, the film was very stable scince it
did not lose its response even after several days of
exposure to air or after repetitive cycling on supporting
electrolyte solution.
From the analysis of the voltammetric and spectro-
scopic experiments, the mechanism of electrooxidation
of β-NA leading to formation of a good adhered film
was proposed (as given in Figure 4d). The electro-
chemical polymerization of β-NAseems to proceed via
the formation of the C-N=C and the C-NH-C bonds
similar to other studied aromatic amines.
New applications of polymer coated electrodes
have intensively been proposed for use as an elec-
trochromic display device and as a potentiometric or
amperometric biosensor.    
Future studies are to be focused on the laboratory
construction of a new electrochemical sensor based on
poly(β-NA) film, which is sensitive to ascorbic acid.
The applicability of the electrode would be investigat-
ed in the determination of ascorbic acid in drugs, chem-
ical and biochemical systems. 
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Table 3. The optimized physical and electrochemical param-
eters in preparation of electroactive/conductive poly(β-NA)
on the Gc electrode.
(a) Deoxygenation of solutions is performed by pure nitrogen.
pH <2
Temperature (
oC) 35
Supporting electrolyte 0.5M HCIO4 + 1M NaCIO4
Dopant ion CIO4
-
Monomer concentration 
(moI.L-1)
0.005
No. of scan cycles 5
Scan range (mV) -200 to 820
Scan range (mVs-1) 20 to 200
Purge timea (min) 4400
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